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Abstract 

Potential of the LHeC for probing small x(g) region via cc and bb production have been investigated. Obtained results clearly 
show the advantage of yp collider option. Measurement of x(g) down to 3 x 10~ 6 seems to be reachable which is two order smaller 
than HERA coverage. 
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O ■ 1 Introduction 

The problem of precise measurement of parton distribution functions (PDF) is yet to be solved for the energy scales relevant for 

■ LHC results. On the other hand, precision knowledge on parton distribution of small xb and sufficiently large Q 2 is crucial for 
enlightening of QCD basics at all levels from partons to nuclei. One of the measurements needed is the gluon PDF for low mo- 

i— i mentum fraction: small x(g). The last machine which has probed x(g) was HERA which had a reach of about x(g) >10~ 4 . Large 
'"^ ' Hadron-Electron Collider (LHeC) project Q] - the most powerful microscope ever designed - will provide a uniqe opportunity to 
II probe extremely small x(g) region. 

Q-t Within the linac-ring option of the LHeC the proton beam from LHC can be hit with a high energy electron or photon beam. 

■ This option gaining wider acceptance among the high energy physics community J2] . The photons may be virtual ones from the 
electron beam resulting in a typical DIS event or these can be real photons originating from the Compton Back Scattering process. 

■ In the latter case, the photon spectrum consists of the high energy photons peaking at about 80% of the electron beam energy on 
' ' ' the continum of Weizsacker- Williams photons. The following study aims to investigate the fesibility of a small x(g) measurement 
^ I ■ with such a machine. Main parameters of ep and yp options of the LHeC are presented in section 2. Section 3 is devoted to 
V^q investigation of small x(g) region using the processes yp — > ccX and yp —> bbX. The generator level results are obtained using 
f^) CompHEP O software package. Comparision with processes ep — » eccX and ep — > ebbX shows an obvious advantage of the 

LHeC yp option. Finally, in section 4 summary of obtained results are presented together with some recommendations. 

7— i ; 

CN '. 2 Main parameters of ep and yp options of the LHeC 

t-H ■ 

\ It should be emphasized that real yp collisions can be achieved only on the base of linac ring type ep colliders (see review Q 
•*h for history and status of linac-ring type collider proposals). Real 7 beam for yp collider ]5] will be produced using the Compton 
* back scattering of laser beam off the high energy electron beam J6) . Possible application of this mechanism to ring-ring type ep 
^ colliders result in negligible yp luminosities Ly p < lO^Lgp. 

Currently, two versions for the ep option of the LHeC are under consideration: multi-passed energy recovery linac with 
L ep =10 i3 cm~ 2 s~ l and pulsed single pass linac with L ep =10 32 cm~ 2 s~ 1 . In the first case E e = 60GeV has been choosen, higher 
energies are not available because of the synchrotron radiation in arcs. In the second case beam energies above 140 GeV will be 
available JT]. Main parameters of ep collisions are presented Table 1. 



Table 1: Main parameters of ep collisions. 





E e , GeV 


E p , TeV 


V5,7W 


L, cm 2 s 1 


ERL 


60 


7 


1.30 


10 JJ 


Pulsed 1 


60 


7 


1.30 


9xlO J1 


Pulsed 2 


140 


7 


1.98 


4 x 10 31 



Concerning yp options luminosity of yp collisions will be close to luminosity of ep collisions for pulsed single straight linac. 
In the ERL case, Lyp will be 10 times lower than L e p because energy recovering does not work after Compton back scattering. 
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3 Pair production of cc and bb at the LHeC 



The final states that can be easily distinguished from the background events and that would give a good measure of the x(g) are 
eg — > eqq and/or yg — > qq where the gluon (g) is from the LHC protons, electrons and photons are from a new accelerator (namely, 
an electron linac providing beams tangential to the LHC) to be build and the q stands for a heavy quark flavour, such as b quark and 
possibly c as well. The b quark final states are easier to idenify due to ^-tagging possibility using currently available technologies: 
for example, ATLAS silicon detectors have 70% ^-tagging efficiency. In the Table [2] we present cross sections for heavy quark 
pair production via DIS, quasi real photons (WWA) and Compton Back Scattering (CBS) photons at the LHeC with E e = 60GeV 
and E e = 140 GeV. For comparison, we also give values for DIS and WWA processes at HERA. It is seen that WWA quasi real 
photons are adventageous comparing to DIS and CBS photons are advantageous comparing to WWA. All numerical calculations 
are performed using CompHep [3| with CTEQ6L1 [7] PDF distrubutions. In Figure[TJ differantial cross section depending on the 
x(g) have been shown for WWA photons at HERA and the LHeC. As expected, LHeC will give opportunity to investigate an order 
smaller x(g) than HERA. 



Table 2: Heavy quark pair production cross sections for via DIS, WWA, and CBS. 





bb (pb) 


cc (pb) 


Machine 


DIS 


WWA 


CBS 


DIS 


WWA 


CBS 


HERA 


6.07 x 10 2 


4.57 x 10 J 




4.66 x 10 4 


7.29 x 10 s 




LHeC \(E e = 60GeV) 


4.26 x 10 3 


2.99 x 10 4 


2.41 x 10 5 


2.38 x 10 s 


3.44 x 10 b 


2.38 x 10 v 


LHeC 2{E e = HO GeV) 


7.07 x 10 J 


4.91 x 10 4 


3.70 x 10 s 


3.72 x 10 s 


5.27 x 10 b 


3.46 x 10 v 



The advantage of the CBS photons becomes even more obvious if one analyze x(g) distribution of differantial cross sections 
for CBS, WWA and DIS. In Figure|2] we show the do/dx(g) at the LHeC 1 for cc production. It is seen that CBS at small x(g) 
region provides more than one (two) order higher cross sections comparing to WWA (DIS). For example, differantial cross section 
of cc pair production at the LHeC 1 achieves maximum value 94- jib at x(g) = 1 .44 x 10 -5 for CBS, whereas maximum value for 
WWA and DIS are 4 /lb al x(g) =1.54 x 10~ 5 and 0.15 /lb atx(g) =3.89 x 10~ 5 , respectively. Similar distrubutions for bb at LHeC 
1, cc at LHeC 2 and bb at LHeC 2 are shown in Figures [3JH and [5] respectively. Maximum values of differantial cross sections 
and corresponding x(g) values for DIS, WWA, and CBS at the LHeC 1 (2) are given in the Tabled©. The advantage of CBS due 
to large cross section is obvious. 

Table 3: Maximum values of differantial cross sections and corresponding x(g) values for DIS, WWA, and CBS at the LHeC 1 . 





cc 


bb 




do /dx 


X 


do /dx 


X 


DIS 


0.15 fib 


3.89 x 10- 5 


0.47 nb 


1.99 x 10~ 4 


WWA 


4.0/ib 


1.54 x 10-> 


5.02nb 


1.25 x 10~ 4 


CBS 


94 /lb 


1.44 x 10~ 5 


Wlnb 


1.23 x 10~ 4 



Table 4: Maximum values of differantial cross sections and corresponding x(g) values for DIS, WWA, and CBS at the LHeC 2. 





cc 


bb 




do /dx 


X 


do /dx 


X 


DIS 


0.44 lib 


1.54 x 10^ 


1. 73 nb 


9.12 x 10" 5 


WWA 


\3.2yLb 


6.45 x 10- b 


17 nb 


5.88 x 10- 5 


CBS 


312 fib 


6.02 x 10- 6 


408 nb 


5.01 x 10" 5 
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Figure 1 : The x(g) reach and differential cross sections in cc (left) and bb (right) final states for the HERAand the LHeC. 
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Figure 2: Differential cross sections for cc final states produced via CBS, WWA and DIS at the LHeC 1. 
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Figure 4: Differential cross sections for cc final states produced via CBS, WWA and DIS at the LHeC 2. 
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Figure 5: Differential cross sections for bb final states produced via CBS, WWA and DIS at the LHeC 2 



The angular dependency of the relevant processes is important to estimate the necessary r) coverage of the detector to be built 
and also to estimate the eventual electron machine selection. For illustration we consider do/d6 distrubution where is the angle 
between c (b) quark and proton beam direction. These distributions for CBS at the LHeC 1 and LHeC 2 are presented in Figures 
[6] and [7] respectively. In Table 5 we present reachable x(g) for diffrent 6 coverage. One can notice that even for an angular loss 
of about 5 degrees, there is considerable drop in both the cross section and in the x(g) reach. This effect can be understood by 
considering the rj depence of the heavy quark pair production cross section in yp collisions which are shown in Figure [8] and 
[9] The vertical solid line is representative for a 1 degree, the dashed line for a 5 degree and the dot-dashed line is for 10 degree 
detector. Therefore, in order to have a good experimental reach the tracking should have an rj coverage up to 5. 



Table 5: Reachable x(g) for different 6 coverage. 





LHeC 1 


LHeC 2 


9 


cc 


bb 


cc 


bb 


0-180 


7.94 x 10~ 6 


6.91 x 10- 5 


3.16 x 10~ 6 


3.02 x 10^ 


1-179 


8.31 x 10~ b 


6.91 x 10" 5 


3.36 x 10- fe 


4.36 x 10" 5 


5-175 


1.44 x 10- 5 


7.94 x 10" 5 


1.20 x 10" 5 


4.78 x 10^ 


10-170 


2.39 x 10- 5 


1.0 x 10~ 4 


2.28 x 10- 5 


7.58 x 10" 5 
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Figure 7: The effect of angular reach for cc (left) and bb (right) final states produced via CBS at the LHeC 2. 




Figure 8: The 77 dependency of the cc (left) and bb (right) production cross section via CBS at the LHeC 1. 
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Figure 9: The 77 dependency of the cc (left) and bb (right) production cross section via CBS at the LHeC 2. 



4 Conclusions 

Measurements of x{g) down to 3 x 10~ 6 seems to be reachable in yp collisions which is two order smaller than HERA coverage. 
These collisions provide higher cross section and better x(g) reach with respect to the ep collisions with the same electron beam 
energy. For the low x(g) region, the enhancement factor compared to the DIS ep collisions is about 700 for cc final states and 
about 230 for bb final states at the LHeC 2. Therefore, for the final states with heavy quarks even if the yp luminosity is 10 times 
less than ep luminosity, the expected number of events would be 70 and 20 times higher, respectively. The enhancement factor 
compared to WWA ep collisions is about 24 for both final states. The angular sensitivity is very important for smallest x(g) reach 
for either e or 7 beams, coverage up to 77 = 5 is required. This coverage is already achieved at the ATLAS and CMS with using 
forward detector components. 
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